Background: Congenital heart disease (CHD) represents one of the most prevalent congenital malformations. However, few studies use whole-population screening by colour Doppler ultrasonic diagnostic system to identify CHD among live infants. We estimate the prevalence of CHD and its major risk indicators among infants aged less than 6 months in urban Tianjin, China. Methods: A colour Doppler ultrasonic diagnostic system was used as the screening tool for the diagnosis of CHD. A total of 90 796 infants aged less than 6 months, living in the nine urban districts of Tianjin, China, participated in the CHD screening programme between July 2009 and June 2011. Results: A total of 1817 children were identified as having CHD. The overall prevalence of congenital heart disease was 16.4 per 1000 live births among 47 697 boys, 24.1 per 1000 live births among 43 099 girls, and 20.0 per 1,000 live births among 90 796 boys and girls combined. Atrial septal defect was the most common heart lesion of CHD, with the prevalence of 10.6 per 1000 live births. Several maternal antenatal factors, such as older age, pregnant infections, pregnancy-induced hypertension, gestational diabetes, family history of CHD, and lower education level, and several child factors, such as early screening age, lower birthweight and short gestational age, were associated with an increased risk of CHD. Conclusions: The prevalence of CHD of live infants in Tianjin was found to be relatively high by using a colour Doppler ultrasonic diagnostic system to screen CHD. Several maternal factors were associated with CHD risk.
Introduction
Congenital heart disease (CHD) represents one of the most prevalent congenital malformations. Early studies have reported a low prevalence of CHD of about 4 to 5 per 1000 live births. 1 Most those cases with severe CHD were diagnosed from a cardiac centre by cardiac catheterization. A UK study identified 1942 CHD cases in 377 310 live births (5.2 per 1000) in one health region between 1985 and 1994. 2 A population-based registry study from the Metropolitan Atlanta Congenital Defects Program (MACDP) reported thatoverall prevalence of CHD was 6.2 per 1000 births from 1968 through 1997. 3 A recent study showed that the prevalence of CHD in screening cases with no risk indicators and in those with maternal risk indicators was low (6.9 per 1000 and 5.6 per 1000, respectively) and similar to the expected overall prevalence of 8.0 per 1000 live births in the general population. 4 In China, CHD is relatively common with a prevalence ranging from 1.5 to 6.9 per 1000 live births. The prevalence of CHD was 6.9 per 1000 live births (138 cases of CHD among 20 082 live children aged less than 1 year) in 1987 in Shanghai. 5 In 2005, the prevalence of CHD was 4.6 per 1000 live births among 19 432 children aged 0-2 years in Beijing. 6 Thus far, no study has used whole-population screening by a colour Doppler ultrasonic diagnostic system to identify CHD among live infants. 7 The aim of the present study was to estimate the prevalence of CHD and its related risk indicators among the urban whole-population live children aged < 6 months in Tianjin, China.
Methods
The city of Tianjin, located in the north central China, is the fourth largest city and is directly under the administration of the central government of China. At the end of 2008, the city of Tianjin had a population of 11.8 million.
Tianjin consists of 18 county-level administrative areas, including six central urban districts, three new urban districts and nine counties that govern towns and rural areas.
The antenatal care and child care in the Tianjin is delivered through a three-tier prenatal care system consisting of approximately 271 primary hospitals, 18 district/county-level Women's and Children's Health Centers (also including secondary hospitals) and a city-level (Tianjin) Women's and Children's Health Center (also including tertiary hospitals). All children are registered as newborns and cared for at the primary hospitals and, from the first month, they take part in various screening programs at 18 district/ county-level Women's and Children's Health Centers and Tianjin Women's and Children's Health Center.
Congenital heart disease screening
The study population comprised all children born alive in six central urban districts and three new urban districts between July 2009 and June 2011. Tianjin has an average of 100 000 births per year, and about half the children live in six central urban districts and three new urban districts. All children with or without symptoms and physical signs of CHD who were 1-3 months of age were invited to take part in the CHD screening at Tianjin Women's and Children's Health Center. Of all 99 997 children, 91 538 aged less than 6 months took part in the CHD screening. The screening rate was 91.5%. Some children might have missed the CHD screening because their parents did not allow their children to take part in the CHD screening, or some children with severe illness died or had been treated in other hospitals before the whole-population screening. Children's Health Center and informed consent was obtained from each participant. At the CHD screening, the children's parents filled in a questionnaire. The questionnaire included information on the child's birth date, birthweight and length, and gestational age (above questions related to birth were copied from birth certificate), feeding modalities, history of illness status and current health status, parents' socioeconomic factors (such as occupation, education and family income), parents' history of illness and current health status (such as CHD, diabetes and hypertension), parents' lifestyle factors (smoking and alcohol habits) and mother's history of illness (such as pregnant infection) contact with toxic substances (such as formaldehyde, benzene, lead, mercury pesticide and so on), decoration (home interior decoration) during pregnancy using medicines, pregnancy-induced hypertension, gestational diabetes and pregnancy anaemia, and weight gain during the pregnancy.
Electronic database
Some additional data of maternal information during pregnancy are also obtained by the electronic health information system, 8, 9, 10 
Statistical analysis
To evaluate differences in general study characteristics between CHD and normal children, P-values were calculated using a v 2 test for categorical variables. Logistic regression was used to assess the associations between CHD and multiple independent variables. Confounding factors included age, sex, birthweight, gestational age, maternal characteristics (age, pre-pregnancy BMI, pregnant infection, contact withtoxic substance during pregnancy, history of using medicines, pregnancy-induced hypertension, gestational diabetes and pregnancy anaemia), history of mother and father regarding CHD, education of mother and father, smoking, family income, maternal weight gain during pregnancy, and health history of parents, genetic history of parents, drinking history of parents and decoration during pregnancy. The criterion for statistical significance was < 0.05 (for two-sided tests). All statistical analyses were performed with PASW for Windows, version 20.0 (Statistics 20, SPSS, IBM, Armonk, NY).
Results
From July 2009 through June 2011, a total of 1817 children were identified as having CHD among 90 796 live children aged less than 6 months ( Table 1 ). The mean age at the time of screening was 2.5 6 1.6 months. The overall prevalence of CHD was 20.0 per 1000 live births. ASD was the most common heart lesion of CHD in our study, with the prevalence of 10.6 per 1000 live births. Next came VSD (6.26 per 1000 live births) and PDA (0.94 per 1000 live births). During a mean follow-up period of 1.3 years, 909 children were re-examined among the 1817 children identified as having CHD. The mean age at the time of re-examination was 15.0 6 10.3 months. Among children re-examined, CHD returned to normal (echocardiography reports showed no abnormal cardiac structure, which meant defects had closed) in 313 cases (34.4%), showed improvement (defect diameter narrowed compared with the previous inspection) in 315 cases (34.7%), became worse (defect diameter increased compared with the previous inspection) in 72 cases (7.9%), had no change in 176 cases (19.4%), resulted in death in 1 case (0.1%) and underwent surgery in 32 cases (3.5%). We will present more follow-up results in another article.
Prevalence of CHD among children by different subgroups is shown in Table 2 . The mean ages at the time of screening was 2.5 6 1.6 months. The prevalence of CHD was significantly higher among girls (24.1 per 1000 live girls) than among boys (16.4 per 1000 live boys) (P < 0.001). The prevalence of CHD significantly differed with children's screening age, birthweight, gestational age, maternal pre-preganacy body mass index (BMI), pregnant infection, contact with toxic substance, using medicines, pregnancy-induced hypertension, gestational diabetes and anaemia during pregnancy. Infants with screening age < 1 month, birthweight < 2500 g, gestational age < 37 gestational weeks and maternal prepreganacy BMI > 28 (kg/m 2 ) had the highest prevalence of CHD. The prevalence of CHD was higher among the infants with maternal ages 40 years and < 20 years. The prevalence of CHD was also higher among the infants with parents' history of CHD, parents' lower education and lower family income. Table 3 shows the relative risks of CHD with various related factors including child factors (sex, screening age, birthweight and gestational age), maternal characteristics (age, pre-pregnancy BMI), maternal health status during pregnancy (pregnant infection, contact with toxic substance, using medicines, pregnancy-induced hypertension, gestational diabetes, pregnancy anaemia), parents' history of CHD, parents' education, family income and parents' smoking status. After adjustment for all confounding factors, the odds ratio (OR) of CHD was significantly higher in infants with early screening age [ During a mean follow-up period of 1.3 years, 516 children were re-examined among 966 children identified as ASD. Among children re-examined, the ASD got smaller in 391 cases (75.8%). Since ASD was the most common heart lesion of CHD in our study, we have done a sensitivity analysis after excluding children who were diagnosed as having an ASD that got smaller (n ¼ 391) (Supplementary Tables 1-3, available as Supplementary data at IJE online). 
Discussion
This study found a high prevalence of CHD among live infants (16.4 per 1000 live births among boys, 24.1 per 1000 live births among girls, and 20.0 per 1000 live births among boys and girls combined) who participated in the whole-population CHD screening in urban Tianjin, China. Children's screening age, birthweight, gestational age, maternal pre-pregnancy BMI, pregnant infection, contact with toxic substance, pregnancy-induced hypertension, gestational diabetes and anaemia during pregnancy, parents' history of CHD and family income were associated with the risk of CHD. The present study is the first whole-population study to screen the prevalence of CHD by the colour Doppler ultrasonic diagnostic system in one Chinese urban area. There are several possible explanations for the higher prevalence of CHD than that in previous studies. Most previous studies on the prevalence of CHD collected data from multi-centre clinical researches. 3, 15 Early studies of the prevalence of CHD reported a low prevalence of about 4 to 5 per 1000 live births, and this figure had been rising steadily. 1 The main reason for the early lower prevalence rate of 4 to 5 per 1000 live births was that only the severe heart disease cases were detected at a cardiac centre. A recent Canadian study using two administrative databases of physician's services and claims database and the hospital discharge summary database found that the prevalence of CHD increased from 6.8 per 1000 children in 1985 to 11.9 per 1000 children in 2000; the prevalence of severe CHD only increased from 1.2 per 1000 children in 1985 to 1.4 per 1000 children in 2000. 15 A retrospective database study in Brazil reviewed records of all live-born and stillborn infants with congenital anomalies and included all live-born with a diagnosis of CHD at birth, confirmed by postnatal Doppler echocardiogram carried out by the paediatric and fetal echocardiography team at the hospital. 16 During the period between August 1990 and December 2003, the prevalence of CHD was 9.6 per 1000 live births. In China, previous research also mainly studied children with suspected heart disease. 5, 6 All children were first examined by heart auscultation, and those cases with heart murmurs were further confirmed and diagnosed by echocardiography, cardiac catheterization or surgery. In the present study, all infants with or without symptoms and physical signs of CHD participated in the CHD screening at Tianjin Women's and Children's Health Center. Since many asymptomatic CHD cases were diagnosed during the CHD screening, the prevalence of CHD in our study was higher than in other studies. The prevalence of ASD (10.6 per 1000 children) as the major type of CHD in our study was also higher than that in previous studies: 3.89 per 1000 children in Canada in 2000 15 and 3.77 per 1000 live births in Brazil in 2003. 16 In our study, some ASD might be PFO, because these two defects are difficult t identify. In addition, several previous studies reported lower prevalence of CHD among children aged 0-18 years compared with our results. 17, 18 The mean age at the time of CHD screening in our study was 2.5 6 1.6 months, since most ASD with defects smaller than 6 mm and most VSD with muscular defects would have a higher possibility of spontaneous closure before 1 year, [19] [20] [21] which may explain another reason for higher prevalence of CHD in our study compared with previous ones. Moreover, most participants of previous studies were patients with symptoms and physical signs from hospitals, and nearly half of the patients in our study had no heart murmurs. Hence many very small lesions like tiny ASD might be found and this may explain why ASD was so common in our study. Additionally, our study used whole-population screening by a colour Doppler ultrasonic diagnostic system. Some children were diagnosed with CHD or had been treated in other hospitals and these children did not take part in the CHD screening. So, this may influence the prevalence of severe CHD. All children who were diagnosed as CHD in our study have been treated and followed in two heart/cardiovascular hospitals in Tianjin. Of all infants with CHD during followup, 34.4% recovered to normal, 3.5% underwent surgery and 0.1% died. We will continue to follow other infants with CHD, who have experienced no obvious improvement. Cardiac development is a complex process, which is completed in the first trimester of pregnancy. In this process, many risk indicators could point to a morphological abnormality of the heart. It is generally accepted that the genetic factor and the maternally-related factor are two major risk indicators of CHD. Previous research has proven that CHD is a polygenic disease. Our study found a higher risk of CHD in both boys and girls whose mothers had a history of CHD, and in the girls whose fathers had a history of CHD. In addition, we found that several maternal factors during pregnancy were associated with an increased risk of their children's CHD. These factors included pregnant infection, contact with toxic substance, pregnancy-induced hypertension, gestational diabetes and anaemia during pregnancy. It has been suggested that the key period of heart embryonic development is during the second to eighth weeks of pregnancy. One study from Malta indicated that a maternal viral infection or treatment of such infections during the first trimester of pregnancy might precipitate CHD in the child. 22 Maternal diseases during pregnancy were also associated with occurrence of CHD among the offspring. In the present study, gestational diabetes was a risk indicator of children's CHD, especially among the boys. It has been reported that the prevalence of fetal CHD cases with diabetic mothers was 3-5%. 23 Maternal diabetes results in transient and localized alterations in endothelial growth factor expression and Smad2 phosphorylation overlapping with those regions of the developing heart that are most sensitive to diabetes-induced CHD. 24 One previous study
showed that advanced maternal age may increase the possibility of new mutations in genes encoding some transcription factors associated with heart development, and young maternal ages are associated with different types of birth defects. 25 Underlying causes for these associations are not clear.
Our study found a significant difference in prevalence of CHD among different maternal education levels and different family income levels. This difference may be indirectly due to mothers' socioeconomic status, lifestyle, dietary habits and access to health care, as well as the mothers' knowledge about the importance of pregnant health. In the present study, several maternal factors during pregnancy are associated with the child's CHD risk. Thus, using colour Doppler echocardiography for prenatal diagnosis of fetal CHD in high-risk pregnancies could identify CHD as early as possible. This should strengthen the pregnancy health care.
There are several strengths in our study. The sample size, based on a whole-population CHD screening in one Chinese urban area, was large. The screening rate (91.5%) was high. A colour-Doppler ultrasonic diagnostic system was used as the diagnostic tool for the diagnosis of CHD. Standardized screening and diagnostic procedures were applied throughout the study period.
Our study has certain limitations. We used the data from a cross-sectional survey to assess the risk indicators of CHD. Thus we cannot interpret well the causality between those risk indicators and CHD. Our study used the whole-population screening by colour Doppler ultrasonic diagnostic system, but some children were diagnosed with CHD for other reasons before the screening, such as severe conditions likely to lead to early death. We cannot give the number of severely ill children who died or had been treated in other hospitals before the whole-population screening, and we lack data about the severe heart lesions of children who undergo surgery. This may influence the prevalence of severe CHD. We found that the neonatal mortality within 28 days after birth for CHD was 0.61 per 1000 live births and there were 51 deaths among 83 239 newborns in 2009.The present study is an ongoing project, and we will obtain more data on children who died or had been treated in other hospitals before the whole-population screening with continuous improvement of our electronic health information system.
The prevalence of CHD among live infants who participated in the whole-population CHD screening by using colour Doppler ultrasonic diagnostic system in urban Tianjin, China, was relatively high. Several maternal factors were associated with the risk of CHD.
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